statins. However, numerous trials performed in patients on diet alone, on existing statin therapy or randomized to various doses of statins have shown PCSK9 mAbs provide a consistent additional 50 to 60% decrease in LDL-C. [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] This implies that there may be a limit to the upregulation of LDLR activity at the higher doses of statins. Included in these trials have been a large number of elderly, diabetics, women, patients with CVD and other CVD risk factors making the results applicable to the likely population in which mAbs will be used. [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] While mAbs were well tolerated in short-term eight-to 12-week phase II trials, concern remained regarding longer term adherence given that this was the first mainstream SC therapy for lowering LDL-C. [20] [21] [22] 29 This was addressed in phase III trials of 52 weeks or longer [23] [24] [25] [26] [27] [28] 35, 39 which all demonstrated adherence as good as trials with statins, ezetimibe and other oral lipid altering agents.
Three trials in patients unable to tolerate statins have been published or presented, two with evolocumab (GAUSS and GAUSS-2) and one with alirocumab (ODYSSEY Alternative). 23, 31, 34 In these studies, the majority of patients were at high or very high risk for CVD and had mean baseline LDL-C of >190 mg/dL emphasizing the significant unmet need for additional effective LDL-C lowering in these patients., In all three of these studies, despite significant reductions in LDL-C of 45 to 63% , muscle adverse effects were uncommon and no more frequent than those seen with ezetimibe.
Familial hypercholesterolemia
In phase I studies in heterozygous (He) FH, both alirocumab and evolocumab demonstrated LDL-C reductions of similar magnitude to that seen in nonFH subjects. 18, 19 This was confirmed in larger phase II trials in HeFH patients already on maximal statin, with or without ezetimibe. 21, 30 Reductions in LDL-C were 60±5% with alirocumab 150 mg once every two weeks (Q2W) and evolocumab 140 mg Q2W or 420 mg once every four weeks (Q4W). 36 In the Rutherford-2 study mutation analysis causing FH was performed and showed similar LDL-C reductions irrespective of LDLR mutation. 36 The global phase III alirocumab HeFH trials increased the number of patients and diversity of genetic mutations along with longer duration of therapy and confirmed that the reductions in LDL-C are maintained in the long term. 24, 28, 39 Two trials with evolocumab in HoFH patients have been carried out; In TESLA part A, a small pilot proof-of-concept trial, 8 patients on maximal stable drug therapy were treated with evolocumab 420 mg Q4W for 12 weeks. 37 Six patients, with LDLR defective activity, experienced mean reductions in LDL-C of 19.3% while the two patients with LDLR negative activity had no response. 37 The definitive phase III randomized, placebocontrolled, double-blind trial, TESLA part B, randomized 50 patients, 12 years or older on maximal statin ± ezetimibe but not apheresis with mean baseline LDL-C of 348 mg/dL. 38 After 12 weeks LDL-C decreased by 31% compared to placebo, an absolute reduction in LDL-C of 93 mg/dL.
This trial confirmed that the response was dependent on residual LDLR activity, with a 41% reduction seen in those with at least one LDLR defective mutation and a 46% reduction seen in in those with two LDLR defective genes. 38 Based on these results evolocumab was approved by FDA and EMA for treatment of HoFH.
11,12
Effect on lipoprotein(a) and other lipids and lipoproteins
As expected PCSK9 mAbs reduce apolipoprotein B and related lipids and lipoproteins in parallel to LDL-C, along with small reductions in triglycerides and increases in high-density lipoprotein (HDL)-C. 42 An unexpected effect has been a robust and consistent reduction in lipoprotein(a) (Lp[a]) of 25% to 30% seen with both alirocumab and evolocumab. for ≥24 hours Store refrigerated at 36°F to 46°F (2°C to 8°C) in the outer carton.
Warm to room temperature for ≥30 minutes.
The drug can also be kept at room temperature, up to 25°C (77°F) in the original carton but must be used within 30 days.
Extracted and Summarized from references 21,22,43. ASCVD = atherosclerotic cardiovascular disease; HeFH = heterozygous familial hypercholesterolemia; HoFH = homozygous familial hypercholesterolemia; LDL-C = low-density lipoprotein cholesterol; Q2W = once every 2 weeks; Q4W = once every 4 weeks; SC = subcutaneous
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Safety, tolerability and cardiovascular Events
No specific or serious clinical or laboratory adverse events have been identified in the >10,000 patients who have been treated with PCSK9 mAbs for durations of 3+ years. [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] Despite the need for SC injections, they have been well tolerated with few injection site reactions. [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] No physical, psychological, endocrine or reproductive abnormalities or 'off-target' effects have been observed in these large trials. Careful examination, by the drug sponsors, and FDA regulators, of patients achieving very low LDL-C levels (<25 or <15 mg/dL) found no differences in adverse events compared to those with higher LDL-C, or those treated with placebo or standard of care. 43 However, as with statins, it may take decades of therapy in many thousands of patients to detect more subtle side effects not readily apparent in relatively short term trials.
A recently published predefined exploratory and a post hoc analysis assessing CVD events from two phase III trials with evolocumab and alirocumab respectively showed very similar 50% reductions in CVD events compared to standard of care or placebo. 34, 45 Although the number of events were small, both studies were statistically significant. While these early results are encouraging, definitive CVD outcome trials are already underway and will also address long term safety concerns.
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Conclusion
The PCSK9 inhibitors have shown excellent LDL-C lowering efficacy, good safety and encouraging early CVD results resulting in regulatory approval of a new therapeutic class of drugs which have the potential to surpass the impact of statins. Large CVD outcome trials are due to be completed starting in 2016 and will likely provide impetus for more widespread use of these agents resulting in further reductions in the burden of CVD. 46,47 ■ 
